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^ (57) Abstract: A pipe assembly comprises a flexible insulating material (16) in contact with the outer surface of the pipe (10) and 
a plurality of discrete spaced apart buoyant bodies (14) embedded in the flexible insulating material around the pipe. The flexible 
Q insulating material preferably forms a continuous layer in contact with the pipe and the buoyant bodies preferably comprise tubular 
^ bodies regularly spaced along the length of the pipe assembly. The provision of discrete buoyant bodies embedded within the insu- 
^ lating material allows relative movement between the bodies and enables the pipe to flexible without damaging the buoyant bodies. 
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DESCRIPTION 
PIPE ASSEMBLY 
The present invention relates to pipe assemblies, and in particular, but not 
exclusively, to underwater pipe assemblies for conveying oil, gas, condensate and 
other flowable fluids from a wellhead. 

When oil and/or other fluids are extracted from an underwater wellhead, it is 
necessary to convey the fluids to a production platform where it can be distributed 
to, for example, a tanker or into a further oil pipeline for onward transmission. This 
is normally achieved by means of a steel catenary riser (SCR) which extends between 
the production platform and the seabed and a flowline connecting the lower end of 
the SCR to the wellhead. 

Wheal the oil and/or other fluid emerges from the wellhead it is at an elevated 
temperature (typically between 80° and 90° C but sometimes far higher). It is' 
important to maintain the oil or other fluids within the SCR at an elevated 
temperature since an excessive drop in temperature causes components to solidify, 
resulting in blockage of the conduit and loss of production, and requiring expensive 
treatment to rectify the problem. This can be a significant problem since flowlines 
can be of a considerable length (of the order of 30km) and they often pass through 
water which is only a few degrees above freezing point. Thus, unless the pipe is 
insulated along its length the heat loss from the pipe may result in pipe blockage. 

One solution is to use a "pipe-in-pipe" system in which the oil or other fluid 
flows through an inner pipe which is itself located within a larger outer pipe, heated 
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liquid being passed into the annular space between the two pipes in order to keep the 
oil at an elevated temperature. However, this can be a problem for very lengthy 
flowlines, since the heating fluid itself tends to lose a great deal of heat. 

An alternative is to utilise passive insulation techniques in which the carrying 
pipe is clad with an insulating material which retains the contents at a sufficiently 
high temperature to prevent solidification or waxing of its components. A typical 
insulating material is syntactic polyurethane, comprising glass microspheres 
intimately mixed with polyurethane resin which is moulded around the exterior pipe.. 

Whilst such passive insulation techniques are very effective at maintaining 
the oil at an elevated temperature and whilst they allow the pipe to flex, they suffer 
from the disadvantage that the weight of SCRs insulated in this way can be very 
substantial, particularly in deep-water situations. The weight of such insulated SCRs 
can be such that unacceptably large forces are induced on the oil platform or other 
structure to which the upper end of the SCR is connected. 

One solution is to clamp buoyancy modules onto the exterior of the insulated 
pipe, which results in a reduction of the effective weight of the SCR and 
consequently a reduction in the forces on the structure to which the upper end of the 
SCR is connected. However, problems then arise in the laying of the pipe. SCRs are 
normally laid in position by passing the pipe through a series of guide rollers (known 
as a "stinger") positioned on a pipe-laying ship. It is thus not possible to lay the 
insulated pipe with the buoyancy modules already attached since they would not pass 
through the stinger. Thus, the buoyancy modules would have to be attached after the 
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pipe had passed through the stinger, whilst in the water, which would be time 
consuming and very expensive. 

There is thus a requirement for a pipe assembly which both insulates the pipe 
to retain its contents at an elevated temperature and which can accommodate flexing 
of the pipe but which imposes lower forces on the structure to which it is connected. 

In accordance with a first aspect of the present invention, a pipe assembly 
comprises a flexible insulating material in contact with the outer surface of the pipe 
and a plurality of discrete spaced apart buoyant bodies embedded in the flexible 
insulating material around the pipe. 

By arranging the flexible insulating material in contact with the pipe, the 
contents of the pipe are retained at an elevated temperature whilst allowing the pipe 
assembly to flex. The buoyant bodes increase the buoyancy of the pipe, thereby 
reducing its effective weight in water. The provision of discrete buoyant bodies 
embedded within the insulating material allows relative movement between the 
bodies and enables the pipe to flex without damaging the buoyant bodies. 

Preferably, the flexible insulating material forms a layer in contact with the 
pipe. Preferably the layer of flexible insulating material in contact with the pipe is 
continuous. 

The buoyant bodies are preferably spaced apart in the longitudinal direction 
of the pipe and are preferably regularly spaced. Adjacent buoyant bodies are 
preferably separated by the flexible insulating material. 

In a preferred embodiment, at least one of the buoyant bodies is annular and 
preferably the pipe assembly comprises a plurality of annular buoyant bodies. 
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At least one of the annular buoyant bodies may be formed from a plurality of 
part-annular bodies, e.g. semi-annular bodies. This is particularly useful at the 
junction between the ends of two preformed lengths of pipe assembly where it is 
necessary to weld the ends of the pipe together. The use of an annular buoyant body 
would not be possible in such locations but part-annular buoyant bodies (e.g. semi- 
annular bodies) can be located around the weld area subsequent to welding together 
of the two pipe ends, and subsequently embedded in further flexible insulating 
material. 

In one embodiment, the pipe assembly comprises a plurality of preformed 
pipe assemblies in accordance with the present invention, wherein the ends of the 
pipe of each preformed pipe assembly project beyond the flexible insulating material 
and the buoyant bodies and the ends of adjacent pipes are joined together, the part- 
annular buoyant bodies being located around the joined ends of the pipes. 

Preferably, at least one, and preferably more, of the buoyant bodies is tubular. 

In one embodiment, at least one, and preferably more, of the buoyant bodies 
is completely surrounded by the flexible insulating material. 

The outer surface of the pipe assembly is preferably partially formed by the 
flexible insulating material and in one embodiment is wholly formed by the flexible 
insulating material. 

In another embodiment, the outer surface of the pipe assembly is at least 
partially formed by at least one, and preferably more than one, of the buoyant bodies. 
At least one of said buoyant bodies may be reinforced or strengthened in that region 
forming the outer surface. For example, at least one of the buoyant bodies may 
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comprise a reinforced outer surface e.g. a fibre reinforced plastics material. 

In one embodiment, the pipe assembly further comprises a layer of additional 
material located between at least one of the buoyant bodies and the flexible insulating 
material in contact with the pipe. The layer of additional material may comprise an 
insulating material and is preferably different from the flexible insulating material. 
The layer of additional material may be less flexible than the flexible insulating 
material in contact with the pipe. 

The layer of additional material may be in contact with at least one of the 
buoyant bodies and may form part of a buoyant body. 

In accordance with a second aspect of the present invention, a pipe assembly 
comprises a plurality of preformed pipe assemblies in accordance with the present 
invention Joined end-to-end. 

In accordance with a third aspect of the present invention, a method of 
producing a pipe assembly in accordance with the present invention comprises 
positioning a section of pipe in a mould, positioning the buoyant bodies in the mould, 
spaced from the pipe, introducing a liquefied flexible insulating material into the 
mould around the pipe and the buoyant bodies and allowing the liquefied flexible 
insulating material to harden. 

In accordance with a further aspect of the present invention, a method of 
producing a pipe assembly comprises joining together the pipes of two preformed 
pipe assemblies and moulding a layer of flexible insulating material around the joined 
ends of the two joined pipes. 

Preferably, an additional buoyant body is positioned around the joined ends 
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of the joined pipes, spaced from the joined pipes, and a layer of flexible insulating 
material is moulded around the joined ends of the pipes and around the buoyant body. 
Preferably, the additional buoyant body is annular and conveniently it is formed from 
a plurality of part-annular bodies. 

By way of example only, specific embodiments of the present invention will 
now be described, with reference to the accompanying drawings in which, - 

Fig. 1 is a longitudinal cross-section through an embodiment of pipe clad in 
accordance with the present invention; 

Fig. 2 is a transverse cross-section looking in the direction of arrows II-II of 

Fig. 1; 

Fig. 3 is a longitudinal cross-section through a second embodiment of pipe 
clad in accordance with the present invention; 

Fig. 4 is a longitudinal cross-section through a third embodiment of pipe in 
accordance with the present invention; 

Fig. 5 is a transverse cross section looking in the direction of arrows V-V of 

Fig. 4; 

Fig. 6 is an enlarged view of the portion indicated at A in Fig. 4; 

Fig. 7 is a longitudinal cross-section through a fourth embodiment of pipe 
clad in accordance with the present invention; and 

Fig. 8 is a transverse cross-section looking in the direction of arrows VII- VII 
of Fig. 7. 

Referring firstly to Figs 1 and 2, a conventional tubular steel pipe 10 of 
internal diameter 12.75 inches (32.385 cms) and having a conventional fusion bonded 
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epoxy (FBE) exterior coating is clad on its exterior with a tubular coating or cladding 
12 which provides both insulation and increased buoyancy. The coating 12 
comprises a plurality of spaced-apart annular buoyancy rings 14 which are embedded 
in a flexible insulating material 16. The pipe is manufactured from preformed 
sections approximately 12 metres in length and the cladding 12 is omitted from 
approximately the last 14 inches (35.56cms) of each end of the pipe, to allow the 
ends of two preformed pipe sections to be secured together by conventional welding 
techniques. 

The buoyancy rings 14 are tubular and are preformed by a conventional 
moulding technique. They are approximately 138 metres in length and 
longitudinally adjacent buoyancy members are separated from each other by a 
longitudinal distance of approximately 2 inches (5.08cm). Eight buoyancy rings 14 
are provided on each preformed length of pipe and are formed from hollow 
macrospheres approximately 1 cm in diameter embedded in epoxy resin. The 
insulating material 16 comprises syntactic polyurethane, ie glass microspheres 
intimately mixed with polyurethane resin which is allowed to solidify. 

In order to construct the clad pipe, eight buoyancy rings 14 are located 
around a length of pipe and the pipe and the buoyancy rings are held in position in 
a mould. Liquid syntactic polyurethane is then pumped into the mould and makes 
its way into the gaps between the tubular inner surface of the buoyancy rings 14 and 
the outer surface of the pipe. The FBE coating provides a "key" for the polyurethane 
and helps to secure the coating to the pipe In the embodiment illustrated in Figs. 1 
and 2, the syntactic polyurethane 16 also extends over the outer surface of the 
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buoyancy rings 14. 

Thus, as illustrated in the figures, in cross section through the pipe, the 
cladding comprises an inner layer 1 8 of syntactic polyurethane, a buoyancy layer 20 
radially outward of the inner layer formed from the hollow macrospheres embedded 
in epoxy resin and an outer protective layer 22 of syntactic polyurethane. The gaps 
between the ends of adjacent buoyancy rings 14 are also filled with the flexible 
syntactic polyurethane and form flex joints 24. The flexibility of the flex joints 24 
is enhanced by rounding the outer shoulders 26 of the buoyancy rings 1 4 at each end. 

In practice, the ends of a series of preformed clad pipe sections are welded 
together, forming a clad pipe of the desired length. More syntactic polyurethane is 
moulded around the welded end regions of adjacent pipe sections to provide 
insulation in those regions, in a conventional manner. 

The provision of a layer of insulating material immediately outwardly of the 
pipe along its entire length greatly reduces the loss of heat from the liquid passing 
through the pipe. Furthermore, the buoyancy rings 14 embedded within the 
insulating material provide a significantly increased buoyancy for the assembly, 
thereby reducing the stresses on the pipe and on the constructions to which the pipe 
is connected. Finally, a protective layer of insulating material protects the outer 
surface of the construction. The syntactic polyurethane also generates buoyancy as 
its density will be less than that of the surrounding sea water. 

Such a construction thus satisfies the requirements of heat insulation and 
increased buoyancy while at the same time having a smooth profile, thereby making 
it suitable for being laid by conventional pipe-laying apparatus. Moreover, since the 
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buoyancy rings are separated from one another and from the pipe by flexible 
polyurethane, the clad pipe may flex as it is laid and in use without damaging the 
buoyancy rings, the flex joints 24 and the inner layer 18 of syntactic polyurethane 
providing the desired flexibility. 

A modification of the embodiment of Figs. 1 and 2 is illustrated in Fig. 3. 
This is virtually identical to the embodiment of Figs. 1 and 2 and the same reference 
numerals are used to denote corresponding features. The only difference is that, as 
compared with the first embodiment, the inner insulating layer 18a is reduced in 
thickness and each buoyancy ring 14a is provided with an inner tubular layer 28 of 
epoxy resin having no macrospheres in addition to a main layer 14a of hollow mini 
macrospheres embedded in epoxy resin, as for the first embodiment. 

The use of an additional inner layer 28 of epoxy resin and the consequent 
reduction in the thickness of the inner insulating layer 1 8a of syntactic polyurethane 
reduces the amount of syntactic polyurethane which is required, which reduces the 
cost of the construction since epoxy resin is cheaper (albeit less flexible) than 
syntactic polyurethane and yet has superior insulating qualities. However, the layer 
1 8a of flexible syntactic polyurethane adjacent to the outer surface of the pipe is still 
required to allow the pipe 10 and its cladding 12' to flex. 

In the embodiment of Figs. 4, 5 and 6, only four buoyancy rings 30 are used 
for each 12 metre section of pipe but the buoyancy rings are approximately twice the 
length of those of the previous embodiments. The buoyancy rings 30 are tubular and 
it will be observed that the tubular outer surface of the buoyancy rings forms the 
outer surface of the clad pipe, except in those regions adjacent to the ends of the 
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buoyancy rings, which form flex joints 32, similar to the flex joints 24 of the first 
embodiment. As for the previous embodiments, the outer shoulders 26* of the 
buoyancy rings 30 are rounded at each end. 

In order to provide the necessary resistance to abrasion, the buoyancy rings 
30 comprise an outer skin 34 of fibre reinforced plastics, beneath which are provided 
a layer 36 of hollow macrospheres approximately 1cm in diameter embedded in 
epoxy resin and an inner layer 38 of pure epoxy resin, identical to the layers 14a and 
28 respectively of the second embodiment However, other buoyancy formulations, 
such as that of the first embodiment, could be used if desired. The buoyancy rings 
30 are formed by laying down a layer of fibre reinforced plastics material on the 
surface of a mould and depositing the other layers 36, 38 subsequently. 

The clad pipe is constructed in an otherwise identical manner to that of the 
first two embodiments, with the preformed buoyancy rings 30 being located around 
a length of pipe in a mould and syntactic polyurethane being poured into the mould 
and being allowed to cure and harden. However, the tubular outer surfaces of the 
buoyancy rings are in contact with the mould wall and thus are not coated with 
syntactic polyurethane. Thus, the construction provides an inner layer 38 of 
insulating syntactic polyurethane, an inner buoyancy layer 40 forming part of the 
buoyancy ring 30, an outer buoyancy layer 42 forming part of the buoyancy ring 30 
and an outer protective skin 44 of fibre reinforced plastics. 

The construction greatly reduces the amount of heat escaping from the pipe 
yet the provision of the flexible syntactic polyurethane adjacent to the pipe and 
between the ends of adjacent buoyancy rings allows the pipe to flex without the risk 
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of damaging the buoyancy rings. Again, the pipe section has a smooth profile, 
enabling it to be laid by conventional pipe-laying equipment. 

A fourth embodiment is illustrated in figs 7 and 8. As mentioned previously, 
when the ends of two adjacent preformed clad pipe sections are secured together, 
syntactic polyurethane is normally moulded around the welded area so that the pipe 
is insulated along its entire length. However, significant lengths of the pipe will 
thereby comprise solely insulating material without any material of increased 
buoyancy. 

In the embodiment of Figs. 7 and 8, after the ends of two adjacent clad pipe 
sections are welded together, two semi-annular buoyancy members 50 are located 
around the welded area and a mould is formed around the welded area in the 
conventional manner. In the embodiment illustrated the semi-annular buoyancy 
members 50 are formed from the same material as that of the embodiment of Figs. 
1 and 2 but any buoyancy material may be used, for example the buoyancy material 
used in the embodiments of Figs. 3 and 4. The semi-annular buoyancy members 50 
abut each other effectively to form an annular buoyancy member around which 
further syntactic polyurethane 52 is moulded, embedding the semi-annular buoyancy 
bodies within the flexible syntactic polyurethane. 

In this way, the entire length of the pipe is clad in material which provides 
both insulation immediately adjacent to the pipe and increased buoyancy further 
outwardly thereof. 

It would also be possible to provide senai-annuler buoyancy bodies of a type 
corresponding to the buoyancy rings shown in the embodiment of Figs. 5 and 6, with 
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an outer fibre reinforced skin. However, it is thought that it would be preferable to 
use semi-tubular buoyancy bodies which are completely encapsulated in flexible 
syntactic polyurethane 52, otherwise the joints between the semi-annular buoyancy 
bodies would be exposed to sea water and would require further sealing before use. 

The invention is not restricted to the details of the foregoing embodiments. 
For example, some or all of the syntactic polyurethane may be replaced with pure 
polyurethane, i.e. polyurethane without the addition of glass microspheres. 
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CLAIMS 

1 . A pipe assembly comprising a flexible insulating material ( 1 6) in contact 
with the outer surface of the pipe (10) and a plurality of discrete spaced apart buoyant 
bodies (14) embedded in the flexible insulating material around the pipe. 

2. A pipe assembly as claimed in claim 1, comprising a layer of the flexible 
insulating material (16) in contact with the pipe. 

3. A pipe assembly as claimed in claim 2, wherein the layer of the flexible 
insulating material (16) in contact with the pipe is continuous. 

4. A pipe assembly as claimed in any of claims 1 to 3, wherein the buoyant 
bodies (14) are spaced apart in the longitudinal direction of the pipe. 

5. A pipe assembly as claimed in any of the preceding claims, wherein the 
buoyant bodies (14) are regularly spaced. 

6. A pipe assembly as claimed in any of the preceding claims, wherein 
adjacent buoyant bodies (14) are separated by said flexible insulating material (16). 

7. A pipe assembly as claimed in any of the preceding claims, wherein at 
least one of the buoyant bodies (14) is annular. 

8. A pipe assembly as claimed in claim 7, comprising a plurality of annular 
buoyant bodies (14). 

9. A pipe assembly as claimed in claim 7 or claim 8, wherein at least one of 
the annular buoyant bodies is formed from a plurality of part-annular bodies (50). 

10. A pipe assembly as claimed in claim 9, wherein the part-annular bodies 
(50) are semi-annular. 

1 1 . A pipe assembly as claimed in claim 9 or claim 1 0, comprising a plurality 
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of preformed pipe assemblies as claimed in any of the preceding claims, wherein the 
ends of the pipe (10) of each preformed pipe assembly project beyond the flexible 
insulating material (16) and the buoyant bodies (14), and the ends of adjacent pipes 
are joined together, and the part annular buoyant bodies being located around the 
joined ends of the pipes (10). 

12. A pipe assembly as claimed in any of claims 7 to 1 1 , wherein at least one 
of the buoyant bodies (14) is tubular. 

13. A pipe assembly as claimed in claim 12, comprising a plurality of tubular 
buoyant bodies (14). 

14. A pipe assembly as claimed in any of the preceding claims, wherein at 
least one of the buoyant bodies (14) is completely surrounded by the flexible 
insulating material (16). 

15. A pipe assembly as claimed in claim 14, comprising a plurality of 
buoyant bodies (14) completely surrounded by the flexible insulating material. 

16. A pipe assembly as claimed in claim 14 or claim 15, wherein the outer 
surface is at least partially formed by the flexible insulating material (1 6). 

17. A pipe assembly as claimed in claim 16, wherein the outer surface is 
wholly formed by the flexible insulating material (16). 

18. A pipe assembly as claimed in any of claims 1 to 16, wherein the outer 
surface is at least partially formed by at least one of said buoyant bodies (14). 

19. A pipe assembly as claimed in claim 1 8, wherein the outer surface is at 
least partially formed by a plurality of said buoyant bodies (14). 

20. A pipe assembly as claimed in claim 18 or 19, wherein at least one of 
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said buoyant bodies (14) is reinforced or strengthened in that region forming the 
outer surface. 

21. A pipe assembly as claimed in any of the preceding claims, comprising 
a layer (28) of additional material located between at least one of the buoyant bodies 
(14a) and the flexible insulating material (16) in contact with the pipe (10). 

22. A pipe assembly as claimed in claim 21, wherein the layer (28) of 
additional material comprises an insulating material. 

23. A pipe assembly as claimed in claim 20 or claim 21, wherein the 
additional material is different from the flexible insulating material (16). 

24. A pipe assembly as claimed in claim 23, wherein the layer (18) of 
additional material is in contact with at least one of the buoyant bodies (14). 

25. A pipe assembly as claimed in claim 24, wherein the layer (28) of 
additional material forms part of the at least one of the buoyant bodies. 

26. A pipe assembly comprising a plurality of preformed pipe assemblies as 
claimed in any of the preceding claims, joined end-to-end. 

27. A pipe assembly as claimed in claim 26, wherein the ends of the pipe (10) 
of each preformed pipe assembly project beyond the flexible insulating material (1 6). 

28. A method of producing a pipe assembly as claimed in any of the 
preceding claims, comprising positioning a section of pipe (10) in a mould, 
positioning the buoyant bodies (14) in the mould, spaced from the pipe, introducing 
a liquefied flexible insulating material into the mould around the pipe and the 
buoyant bodies and allowing the liquiefied flexible insulating material to harden. 

29. A method of producing a pipe assembly as claimed in claim 24 or claim 
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25, comprising joining together the pipes of two preformed pipe assemblies and 
moulding a layer of flexible insulating material around the joined ends of the two 
joined pipes. 

30. A method as claimed in claim 18, comprising positioning an additional 
buoyant body (50) around the joined ends of the joined pipes, spaced from the joined 
pipes, and moulding a layer of flexible insulating material (16) around the joined 
ends of the pipes and around the buoyant body (50). 

31. A method as claimed in claim 19, wherein the additional buoyant body 
is annular. 

32. A method as claimed in claim 19, wherein the annular body is formed 
from a plurality of part-annular bodies (50). 
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